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1
IMAGE FORMING APPARATUS HAVING A
PLURALITY OF INDIVIDUALLY
CONTROLLED RECORDING HEADS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from prior Japanese Patent Applications No. 2004-
078744, filed Mar. 18, 2004; and No. 2004-087734, filed Mar.
24,2004, the entire contents of both of which are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus which forms animage on a recording medium by anink jet
system.

2. Description of the Related Art

In general, in an image forming apparatus of an ink jet
system, a plurality of recording heads are arranged at an equal
interval, and ink is spouted (eject) to a recording medium, for
example, an image forms to a recording sheet by ink spouts.
For example, to form a color image, at least four colors of ink
are used [black, cyan, magenta, and yellow].

FIG. 14 is a diagram showing a schematic constitution
example by four recording heads and a medium conveying
mechanism, for forming the color image in a conventional
image forming apparatus. FIG. 15 is a diagram showing an
image forming timing of image data in each recording head.

In the image forming apparatus, fixed recording heads for
discharging four colors of ink are arranged at an equal interval
in order of black (K), cyan (C), magenta (M), and yellow (Y)
from an upstream side on an upper side of a conveying path of
a recording medium in the medium conveying mechanism.
That is, each recording head is offset, disposed, and driven/
controlled by one data controller. A transmission type inlet
TOF sensor (medium sensor) 61 for detecting the recording
medium is disposed on the upstream side of the recording
head K. A transmission type outlet TOF sensor 62 is similarly
disposed on a downstream side of the recording headY. Front/
rear end portions of a recording medium 63 (63a, 635) con-
veyed on the conveying path of the medium conveying
mechanism are detected by these sensors 61, 62.

In this constitution, when the image is formed on the
recording medium 63, the recording medium 63a, for
example, recording sheets are taken out of a recording
medium cassette (not shown) sheet by sheet, and conveyed to
a recording position in a conveying direction X at a constant
speed by the medium conveying mechanism. At this time, as
described later, each color image data is distributed to each
color and input into the respective recording heads K, C, M
and Y from a data controller.

Moreover, when a tip of the recording medium 63a is
detected by the inlet TOF sensor 61 shown in FIG. 14, differ-
ent colors of ink are successively spouted to thereby form an
image at a predetermined timing by the respective recording
heads K, C, M andY. Therecording medium 63a on which the
image has been formed is conveyed as such, a rear end of the
recording medium is detected by the outlet TOF sensor 62,
and thereafter the medium is spouted out of the apparatus, and
stored in a containing cassette (not shown) or the like.

The color image data in this constitution is input into the
controller shown in FIG. 14 from a host apparatus (not
shown) during the image formation.
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In the data controller, the color image data is divided into
color image data for the respective colors, and transferred to
the corresponding recording heads K, C, M and Y respec-
tively. Moreover, the data controller is synchronized with the
recording medium 63 conveyed in a Y-direction, the color
image data is successively formed into the image on the
recording medium 63 by the respective recording heads K, C,
M and, and the color image data for one page is formed into
the image.

The respective recording heads K, C, M and Y are arranged
at an interval corresponding to an offset amount L. in the
Y-direction.

FIG. 15 shows the recording of the color image data trans-
ferred to each recording head, and a relation with an image
forming time in an image data portion in each recording head.

A time t11 in FIG. 15 is a time obtained by dividing an
offset amount [.1, between the first recording head K and the
lastrecording headY in a conveying direction by a movement
speed of the recording medium. A time t12 shows a time
obtained by dividing an interval L2 between the rear end of
the preceding conveyed recording medium and a tip of the
following conveyed recording medium by the movement
speed of the recording medium. It is assumed that the move-
ment speed of the recording medium is constant. Therefore,
lengths of the times t11 and t12 relatively suggest distances.

It is indicated in FIG. 15 that white data corresponding to
the interval of the offset amount L shown in FIG. 14 is added
to each color image data.

This white data indicates that the recording head does not
actually spout any ink.

Moreover, in FIG. 15, color image data 1K, 1C, 1M, 1Y for
one page transferred by the data controller, and color image
data 2K, 2C, 2M, 2Y for two pages are shown with respect to
each of the recording heads K, C, M and Y arranged at the
interval of the offset amount L shown in FIG. 14.

When the data controller transfers the color image data for
one page to the respective recording heads K, C, M andY each
white data corresponding to the offset amount L in the
arrangement interval of the recording heads K, C, M andY is
added to the color image data for one page, and accordingly
the color image can be formed on the recording medium 63
without any color shift.

Moreover, after ending the forming of the image by the
recording headY in a most downstream, the color image data
of'the next page (second page) is transferred to the respective
colors of the recording heads K, C, M and Y, and each color
image is successively formed with respect to the next con-
veyed recording medium.

Additionally, each of the above-described recording heads
K, C,MandY comprises one recording head extending along
a transverse-width direction X of the recording medium 63.

On the other hand, for example, one recording head K is
sometimes constituted by connecting a plurality of head units
K1, K2, ... as shown in FIG. 16. These recording head units
K1, K2 are arranged, for example, in two rows (K1 and K2
rows) in such a manner that any gap is not made in the
conveying direction Y of the recording medium 63 at an
image forming time, and the units are alternately arranged in
such a manner that an end portion of a nozzle row 71 of each
head unit is slightly superimposed on another end portion.

Even in this recording head, the color image can be simi-
larly formed without any color shift in consideration of an
offset amount [.3 between the head units (nozzle rows) and an
offset amount (distance between the recording mediums) [.4
between the recording mediums, and accordingly a color
image can be formed without any color shift.
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In the above-described conventional image forming appa-
ratus shown in FIGS. 15, 16, after ending the image forming
by a detection signal of the outlet TOF sensor 62, that is, the
last recording head Y, by the control of the driving of one data
controller, the transtfer of the color image data including the
white data is restarted with respect to all the recording heads
K, C, M andY, and the image is formed from the image data
of K.

That is, the color image of each color is formed by the
recording heads K, C, M and Y. Therefore, after ending the
spout of the ink by the recording head Y of the most down-
stream, the color image data of the next page is transferred to
each recording head to thereby form the image.

Therefore, the number of recording mediums on which the
image can be formed once is limited to one sheet.

That is, the medium conveying interval of the recording
medium 63 is influenced by the interval between the record-
ing heads in the medium conveying direction, and the interval
between the nozzle rows. When the interval between the
recording mediums cannot be easily reduced, the number of
sheets subjected to the image forming per unit time, that is,
throughput does not rise.

In a case where there is an offset amount (distance between
the nozzle rows of the recording heads K, Y) L1 of the record-
ing head, a distance (medium conveying interval) .2 between
the preceding conveyed recording medium 63 and the follow-
ing conveyed recording medium 63 has to be set to be larger
than the offset amount [1, that is, [.2>[.1 (t12>t11) as shown.
Accordingly, as to a time interval between the preceding
conveyed recording medium 63 and the following conveyed
recording medium 63, at least a time t11+time for forming the
image by the recording head Y is required, even if a time
required for forming the image is short.

Moreover, in the recording head in which two rows of head
units K1, K2 are arranged alternately forwards/backwards in
the conveying direction as shown in FIG. 16, an offset amount
(interval between the nozzle rows) [.3 between the head unit
K1, K2 rows has to be considered in order to reduce the image
forming time. When the offset amount [.3 is assumed, an
interval (medium conveying interval) .4 between the preced-
ing conveyed recording medium 63« and the following con-
veyed recording medium 634 is set to be larger than the offset
amount [.3 between the nozzle rows as shown, that is, L4>1.3.
That is, after ending the spout of the ink by the head unit K2
row, each recording head unit cannot accept the image data of
the next page, and the image cannot be formed. Therefore,
when there is a relation [L.4>1.3, a first (first page) image is
formed on the previous recording medium 63a, and thereafter
the second (second page) image data can be formed with
respect to the subsequent recording medium 635.

Moreover, in general, as to the recording head, even when
the head temperature changes by an elapsed driving time, and
the recording head is driven with an equal driving voltage, an
amount of spouted ink differs, and therefore the density (color
depth) of the formed image differs. Therefore, a driving char-
acteristic, that is, driving voltage is adjusted in accordance
with the temperature of the recording head. In general, when
the temperature of the recording head rises, the ink spout
amount increases, and the concentration of the image
increases. Conversely, when the temperature drops, the den-
sity of the image tends to decrease.

With regard to a timing to adjust the driving voltage, as
shown in FIG. 16, in an apparatus which ends the forming of
the image on the first (first page) recording medium 63a, and
thereafter forms the image on the next second (second page)
recording medium 635, the driving voltage of the recording
head is adjusted for each image data.
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Moreover, since the image data formed into the image by
each recording head differs in a constitution capable of indi-
vidually driving the recording heads, the density of the image
cannot be adjusted while controlling the driving voltage all at
once. In an example of FIG. 17, the density can be adjusted
after forming a yellow image by the recording head Y dis-
posed on a most downstream side.

BRIEF SUMMARY OF THE INVENTION

A first aspect of the present invention is directed to an
image forming apparatus comprising a plurality of recording
heads disposed for respective each color of an image formed
on a conveyed recording medium with an offset in a medium
conveying direction; recording head driving units which are
disposed in the respective recording heads and which drive
the recording heads to form the image on the recording
medium; a medium position detection unit which detects
position information of the conveyed recording medium; and
a data control unit which is disposed for each recording head
and which applies to image data a parameter inherent in each
recording head and concerning predetermined image forma-
tion and which determines an image formation delay time
associated with the offset in response to the parameter and a
detection signal from the medium position detection unit and
which delays and drives the recording head driving unit based
on the image formation delay time.

A second aspect of the present invention is directed to an
image forming apparatus comprising a recording head com-
prising a plurality of head units which form divided images in
divided regions obtained by dividing an image forming
region of a conveyed recording medium to prepare one image
and which are disposed with an offset in a medium conveying
direction; recording head driving units which are disposed in
the respective head units and which drive the head units to
form the divided images on the recording medium; a medium
position detection unit which detects position information of
the conveyed recording medium; and a data control unit
which is disposed for each head unit and which applies to
image data a parameter inherent in each head unit and con-
cerning predetermined image formation and which deter-
mines an image formation delay time associated with the
offset in accordance with the parameter and a detection signal
from the medium position detection unit and which delays
and drives the head unit driving unit based on the image
formation delay time.

A third aspect of the present invention is directed to an
image forming apparatus comprising a conveying mechanism
which conveys a plurality of recording mediums at a prede-
termined interval; a plurality of recording heads in which
recording element rows are arranged in such a manner as to
extend in a direction crossing a conveying direction of the
recording medium at right angles and which are arranged at
an interval along the conveying direction; a data control unit
which generates input image data for each recording element
row of the plurality of recording heads; recording head driv-
ing units which drives the recording heads at predetermined
timings; a medium position detection unit which detects pres-
ence of the recording medium conveyed by the conveying
mechanism; and a driving characteristic control unit which
controls a driving characteristic of the recording head. The
data control unit calculates a medium gap between a preced-
ing conveyed recording medium and a following conveyed
recording medium from a detection result of the position
sensor, selects the recording head in which the recording
region of the recording element row faces the medium gap
from the plurality ofrecording heads, and changes the driving
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characteristic of the recording head while the recording
region of the recording element row of the recording head
faces the medium gap.

A fourth aspect of the present invention is directed to an
image forming apparatus comprising a conveying mechanism
which conveys a plurality of recording mediums at a prede-
termined interval; a recording head comprising a plurality of
head units which are arranged with an offset in a medium
conveying direction of the conveyed recording medium and
which form divided images in divided regions obtained by
dividing an image forming region to prepare one image; a
data control unit which prepares input image data for each of
the plurality of head units; a driving circuit which drives the
recording heads at predetermined timings; a medium position
detection unit which detects presence of the recording
medium conveyed by the conveying mechanism; and a driv-
ing characteristic control unit which controls a driving char-
acteristic of the recording head. The data control unit calcu-
lates a medium gap between a preceding conveyed recording
medium and a following conveyed recording medium from a
detection result of the medium position detection unit, selects
the recording head in which the recording region of the
recording element row faces the medium gap from the plu-
rality of recording heads, and changes the driving character-
istic of the recording head by the control of the driving char-
acteristic control unit while the recording region of the
recording element row of the recording head faces the
medium gap.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1 is a diagram showing a constitution example of an
image forming apparatus according to a first embodiment of
the present invention;

FIG. 2 is a diagram showing a constitution example of a
data controller in the first embodiment;

FIG. 3 is a timing chart of data transfer and image forma-
tion, showing the image formation in the first embodiment;

FIG. 4 is a diagram showing a constitution example of an
image forming apparatus according to a second embodiment;

FIG. 5 is a timing chart of the data transfer and image
formation, showing the image formation in the second
embodiment;

FIG. 6 is a diagram showing a constitution example of an
image forming apparatus according to a third embodiment;

FIG. 7 is a diagram showing a constitution example of an
image forming apparatus according to a fourth embodiment
of the present invention;

FIG. 8 is a diagram showing a constitution example of a
data controller in the fourth embodiment;

FIG. 9 is a timing chart of image formation, showing the
image formation in the fourth embodiment;

FIG. 10 is a diagram showing a first modification of a
temperature detection unit in the fourth embodiment;

FIG. 11 is a diagram showing a second modification of the
temperature detection unit in the fourth embodiment;

FIG. 12 is a diagram showing a constitution example of an
image forming apparatus according to a fifth embodiment;

FIG. 13 is a timing chart of image formation, showing the
image formation in the fifth embodiment;

FIG. 14 is a schematic diagram showing a relation of an
image forming position between a plurality of recording
heads and a recording medium in a conventional image form-
ing apparatus;
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FIG. 15 is a diagram showing one example of each color
image data transferred to a plurality of recording heads in the
conventional image forming apparatus;

FIG. 16 is a diagram showing one constitution example of
arecording head constituted of a plurality of head units alter-
nately arranged in the conveying direction of the recording
medium; and

FIG. 17 is an explanatory view of a timing to change a
driving voltage of a recording head in an image forming
apparatus capable of individually driving the recording head.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described
hereinafter in detail with reference to the drawings.

FIG. 1 shows a constitution example of an image forming
apparatus according to a first embodiment of the present
invention.

This image forming apparatus of an ink jet system com-
prises at least four sets of recording heads 1 (1a to 1d), and
forms a color image using four different colors of ink [e.g.,
black (K), cyan (C), magenta (M), and yellow (Y)]. In the
present embodiment, the recording heads are arranged to
spout colors of ink in such a manner that a recording head la
spouts black K, the recording head 15 spouts cyan C, the
recording head 1¢ spouts magenta M, and the recording head
1d spouts yellow Y toward a downstream side from an
upstream side of a conveying mechanism of a recording
medium.

In the constitution example shown in FIG. 1 in the present
embodiment, the recording heads 1a to 1d have nozzle rows
(not shown) in which a plurality of nozzles are arranged in
one row with a length exceeding a transverse width of the
recording medium.

These recording heads 1a to 1d are driven by recording
head driving circuits 2 (2a to 2d), and spout ink to the con-
veyed recording medium (not shown) to form an image.
These recording heads 1 and recording head driving circuits 2
are driven/controlled by data controllers 3 (3a to 3d).

In the present embodiment, at least one data controller 3 is
disposed for each recording head 1. That is, in a constitution
comprising four sets of recording heads 1a to 14, at least four
data controllers 3a to 3d are disposed, and constituted to be
capable of setting image forming timings and parameters.

As shown in FIG. 2, these data controllers 3a to 3d com-
prise a plain memory 4, a parameter memory 5, a head driving
synchronous signal generation circuit 6, and a data processing
circuit 7. The plain memory 4 is capable of storing a plurality
of'image data. The parameter memory 5 stores parameters for
appropriately driving the recording heads 1a to 1d. The head
driving synchronous signal generation circuit 6 generates a
driving synchronous signal, and sends the signal to the
recording head driving circuits 2a to 2d. The data processing
circuit 7 reads the image data based on an area (or an address
indicating a range) designated from the plain memory 4, and
transfers the data to the recording heads 1a to 1d.

The parameters are information inherent in the recording
heads and concerning the image formation. Concretely, the
parameters are constituted of start end and terminal end infor-
mation of the image data, address indicating a formed image
data region, address (nozzle number) of the nozzle of each of
the recording heads la to 14 to be driven, timing correction
information for driving each nozzle and the like. The param-
eters of the image forming information may include correc-
tion parameters for correcting fluctuations in manufacturing
the recording heads 1a to 1d.
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Furthermore, each of the data controllers 3a to 34 is pro-
vided with a USB controller 8, a CPU 9, a medium position
sensor 10, and an encoder 11. A sensor which detects the
discharging of the recording medium on which the image is
formed may be disposed. Among these components, the USB
controller 8 functions as an interface for inputting the data of
the image to be formed into the plain memory 4 from an
image memory 12. The CPU 9 sets the parameters. The
medium position sensor 10 is disposed on the upstream side
from the recording head 1a in a recording medium conveying
path to detect front/rear ends of a recording medium. The
encoder 11 is attached to a conveying mechanism, and gen-
erates a reference signal in a movement amount of the record-
ing medium.

Next, image formation in the first embodiment will be
described with reference to a timing chart of the image for-
mation shown in FIG. 3.

FIG. 3 shows timings to form the respective image data
transferred to four sets of recording heads into images with
respect to four continuously conveyed recording mediums,
and an image forming time (abscissa indicates time).

Here, image data of ink of black K are denoted with 21K,
22K, 23K, 24K, and time required for the image formation of
these data is denoted with 21K1, 22K2, 23K3, 24K4. The
image data of cyan C are denoted with 21C, 22C, 23C, 24C,
and time required for the image formation is denoted with
21C1, 22C2, 23C3, 24C4. The image data of magenta M are
denoted with 21M, 22M, 23M, 24M, and time required for the
image formation is denoted with 21M1, 22M2, 23M3, 24M4.
Furthermore, the image data of yellow Y are denoted with
21Y, 22Y, 23Y, 24Y, and time required for the image forma-
tion is denoted with 21Y1, 22Y2, 23Y3, 24Y4.

Moreover, time t1 in FIG. 3 is time obtained by dividing an
offset amount (distance between the recording heads)
between the recording heads by a conveying speed of the
recording medium, and time t2 is time obtained by dividing an
interval (or an interval between image regions of a page unit)
between the conveyed recording mediums by the conveying
speed of the recording medium. It is to be noted that the
conveying speed of the recording medium is constant. There-
fore, lengths of time t1 and t2 relatively indicate distances.

It is to be noted that this example shows a state in which the
offset amount (or time t1) between the recording heads is
larger (longer) than a recording medium interval (or time t2).
Here, the offset amount is defined by a physical size by
members constituting the recording head or peripheral mem-
bers, and a recording medium interval is defined by a pro-
cessing time of data transfer or the like. Therefore, the smaller
(shorter) amount or interval is better regardless of a size
relation. Assuming that the conveying speed of the recording
medium is constant, the shorter the time t1 is, the shorter the
image forming time required for one recording medium
becomes. The shorter the time 12 is, that is, the smaller the
recording medium interval is, the more a throughput can be
enhanced.

First, as initial setting, a plurality of color image data for
forming the image on a plurality of recording mediums are
stored in the plain memory 4 from the host computer 12 via
the USB controller 8. Moreover, the parameters required for
forming the image on a first recording medium 21 by the
recording heads 1a to 14 are stored in the respective param-
eter memories 5 from the CPU 9. It is to be noted that the
parameter setting into the parameter memory 5 may be stored
after receiving a detection signal of the recording medium by
the medium position sensor 10 (see FIG. 2).

Moreover, different parameters can be set for each record-
ing medium in such a manner that the image data of the
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different recording mediums can be simultaneously formed
in the respective recording heads 1a to 1d. That is, usually in
a case where the image data is considered by a recording
medium unit (page unit), the image forming information (pa-
rameters) are the same with respect to the recording heads.
However, a case where the image forming information (pa-
rameters) differ with the recording medium can also be
handled.

Next, when the medium position sensor 10 detects the first
recording medium conveyed by the conveying mechanism,
the image data to be formed on the recording medium is read
from a plurality of image data stored in the plain memory 4,
and transferred to the data processing circuit 7. In this case,
the image data of an area (address) designated by the param-
eter is read from the plain memory 4 in synchronization with
a head driving synchronous signal of the recording head
(here, the recording head 1a) of a most upstream of the
medium conveying direction. It is to be noted that the image
data read at this time may be the whole image data corre-
sponding to one recording medium, or a part of the data.

Next, when the head driving synchronous signal genera-
tion circuit 6 receives a signal indicating that there is the
recording medium from the medium position sensor 10, head
driving synchronous signals corresponding to the respective
recording heads 1a to 14 are generated in accordance with the
designated parameter in consideration of a delay time (here,
time t1) corresponding to the offset amount among the
recording heads 1a to 14 at a time when receiving the signal
indicating that there is the recording medium. These delay
amounts are determined by counting encoder signals gener-
ated by the encoder 11 and synchronized with the medium
conveying speed. The recording head driving circuits 2a to 2d
refer to the head driving synchronous signal, and drive the
recording heads la to 1d in synchronization with the encoder
signal synchronized with the conveying of the recording
medium.

Therefore, as to the head driving synchronous signal gen-
erated by the head driving synchronous signal generation
circuit 6, the offset amount among the recording heads 1a to
14, that is, the time t1 is delayed and asserted from the signal
indicating the presence of the medium, and negated by the
ending of the image formation.

Concretely, the first K image data 21K is transferred to the
recording head 1a, and the image is formed on the recording
medium at a time denoted with 21K1 based on the image data
21K as shown in FIG. 3. Thereafter, the recording medium is
moved to the downstream side, and the next image data 22K
starts to be transferred to the recording head 14 in the interval
to the next recording medium, that is, for the time t2. At this
time, the parameter is changed, if necessary. Thereafter,
image formation 22K1 is performed with respect to the sub-
sequently conveyed recording medium.

Moreover, the image data 21C starts to be transferred to the
recording head 15 disposed on the downstream side of the
medium conveying direction within the time t1 correspond-
ing to the offset amount, and the image is formed on the image
21K1 already formed on the previous recording medium in a
time denoted with 21C1 based on the image data 21C. Sub-
sequently, in the recording heads 1c, 1d, the transfer and
image formation of the image data M, Y are performed after
time t1 corresponding to the offset amount.

In the constitution of the present embodiment, since the
data controller is disposed for each recording head, the setting
of the parameter into the image data processing circuit, and
the transfer of the image data into the recording heads 1a to 14
can be independently performed for each recording head.
Therefore, even when the recording head 15 on the down-
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stream side from the recording head 1a is forming the image
by the image data C (e.g., 21C) as described above, the
transfer, parameter change, and image formation of the image
dataK (e.g., 22K) of the next page are possible with respect to
the recording head la on the upstream side.

Consequently, unlike the conventional art, the color image
data of each color, obtained by adding white data before/after
the image data, is not transferred or formed into the image at
the same timing (actually the image data of each color is
offset, and the image is formed in order of K, C, M and Y).
Therefore, the interval between the conveyed recording medi-
ums is not limited to the distance from the recording head on
the upstream side to that on the downstream side.

As described above, according to the image forming appa-
ratus of the first embodiment, the transfer of the image data to
each recording head or the setting of the parameter to the data
processing circuit is performed independently, and the image
is formed for each recording head independently. Conse-
quently, in the present embodiment, unlike the conventional
art, any blank white data does not have to be added to the
image data. Although the recording head of a color other than
the corresponding color forms the image, the image of the
corresponding color can be formed. Therefore, the interval
between the conveyed recording mediums can be remarkably
narrowed, and enhancement of throughput can be realized.

Next, a second embodiment of the present invention will be
described.

FIG. 4 shows a constitution example of an image forming
apparatus according to a second embodiment.

The present embodiment is applied to a recording head
comprising a plurality ot head units arranged in two rows at an
interval corresponding to a nozzle row interval [.3 alternately
in a medium conveying direction as shown in FIG. 16. This
apparatus, for example, of an ink jet system comprises at least
four sets of recording heads, and forms a color image using
four different colors of'ink [e.g., black (K), cyan (C), magenta
(M), and yellow (Y)]. Here, a constitution example of the
recording head 1a shown in FIG. 1 will be described, this
applies to the other recording heads 15 to 1d, and therefore
description thereof is omitted.

Moreover, the recording head 1a also comprises n K1 to Kn
head units, and one image is prepared by divided images
formed by the respective head units. Here, a K1 head unit and
a K2 head unit having the nozzle row interval L3 will be
described as typical examples. It is to be noted that in FIG. 4,
constituting portions similar to those of FIG. 2 are denoted
with the same reference numerals.

These K1, K2 head units 31a, 315 are driven by K1, K2
head unit driving circuits 32a, 325, respectively, and spout
black (K) ink to a conveyed recording medium (not shown) to
thereby form divided images. These K1, K2 head units 31a,
316 and K1, K2 head unit driving circuits 32a, 325 are driven/
controlled by a K data controller 33. In the present embodi-
ment, at least one K data controller 33 is disposed for each
head unit. That is, at least four data controllers are disposed in
a recording head comprising four sets of head units. By this
constitution, it is possible to set recording timings or param-
eters for the respective head units of each recording head as
described later.

This K data controller 33 comprises: a plain memory 34,
K1, K2 parameter memories 35a, 3556, K1, K2 head driving
synchronous signal generation circuits 36a, 365, and K1, K2
data processing circuits 37a, 37b. Among these components,
the plain memory 34 stores image data of a plurality of
images. The K1, K2 parameter memories 35a, 356 store
parameters for appropriately driving the K1, K2 head units
31a, 315. The K1, K2 head driving synchronous signal gen-
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eration circuits 36a, 365 generate head driving synchronous
signals, and send the signals to the K1, K2 head unit driving
circuits 32a, 32b. The K1, K2 data processing circuits 37a,
37b read the image data based on a designated area (or an
address indicating a range) from the plain memory 34, and
transfer the data to the K1, K2 head units 31a, 315. Further-
more, the K data controller 33 is provided with a USB con-
troller 8, a CPU 9, a medium position sensor 10, and an
encoder 11 as described above.

The parameters are information on the image formation.
Concretely, the parameters are constituted of start end and
terminal end information of the image data, address indicat-
ing a formed image data region, address (nozzle number) of
the nozzle of the head unit to be driven, timing correction
information for driving each nozzle and the like. The param-
eters of the image forming information may include correc-
tion parameters for correcting fluctuations in manufacturing
the recording heads.

The image formation in the second embodiment will be
described with reference to timing charts of the image forma-
tion shown in FIGS. 4, 16, and 5.

FIG. 5 shows image forming timings of image data of black
K with respect to four continuously conveyed recording
mediums, and an image forming time. It is to be noted that
here image data transferred to the K1 head unit 31a are
denoted with 41K a, 42Ka, 43Ka, 44Ka, and image data trans-
ferred to the K2 head unit 315 are denoted with 41Kb, 42Kb,
43Kb, 44Kb. In this case, time required for the image forma-
tion by the K1 head unit 31a is denoted with 41K1, 42K1,
43K1, 44K1, and time required for the image formation by the
K2 head unit 315 is denoted with 41K 2, 42K2, 43K2, 44K2.

Moreover, a time t3 in FIG. 5 is time obtained by dividing
an offset amount [.3 (distance between nozzle rows) between
the nozzle rows by a conveying speed of the recording
medium. A time t4 is time obtained by dividing an interval (or
an interval between a rear end of a previously conveyed
recording medium and a tip of a subsequently conveyed
recording medium) [.4 between two conveyed mediums by
the conveying speed of the recording medium. Here, it is
assumed that the conveying speed of the recording medium is
constant. Therefore, lengths of the time t3 and t4 relatively
indicate distances. It is to be noted that this example shows a
state in which a recording medium interval (or the time t4) is
smaller (shorter) than the interval (or the time t3) between the
nozzle rows, and the image formation is started from the tip of
the recording medium.

First, K image data constituting a part of a plurality of color
image data for forming an image on a plurality of recording
mediums is stored into the plain memory 34 from the host
computer 12 via the USB controller 8. Moreover, parameters
necessary for forming the image on a first recording medium
41 by the K1, K2 head units 31a, 3156 are stored in the
respective parameter memories 35a, 355 from the CPU 9. Itis
to be noted that parameter settings into the K1, K2 parameter
memories 35a, 35b may be stored after receiving a detection
signal of the recording medium by the medium position sen-
sor 10 (see FIG. 4).

Moreover, in the respective K1, K2 head units 31a, 315,
different parameters may be set for each recording medium in
such a manner that the image data can be simultaneously
formed on different recording mediums. Accordingly, in a
case where the image forming information (parameters) dif-
fers with the recording medium, the changing is possible.

Next, when the medium position sensor 10 detects a first
recording medium conveyed by a conveying mechanism, the
image data 41K is read from a plurality of image data stored
in the plain memory 34, and transferred to the K1 data pro-
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cessing circuit 37a. In this case, the image data of an area
(address) designated by the parameter is read from the plain
memory 34 in synchronization with the head driving synchro-
nous signal with respect to the K1 head unit 31a.

Next, on receiving a recording medium presence signal
from the medium position sensor 10, the K1 head driving
synchronous signal generation circuit 36a generates a K1
head driving synchronous signal in accordance with the tim-
ing of the recording medium presence signal. Since the K1
head unit31a is disposed in a most upstream side, delaying by
an offset .3 does not have to be performed.

Moreover, on receiving the recording medium presence
signal from the medium position sensor 10, the K2 head
driving synchronous signal generation circuit 365 generates a
K2 head driving synchronous signal obtained by applying an
offset amount L3, that is, a delay time (here, time t3) corre-
sponding to the interval between the head units to the timing
of the recording medium presence signal in accordance with
the designated parameter. It is to be noted that after receiving
the medium presence signal, the head driving synchronous
signal is generated, and invalidated by the ending of an image
forming process with respect to the recording medium.

This will be described in accordance with a concrete
example. For example, as shown in FIG. 16, in a case where
the image data 41K is formed into an image by two rows of
head units, six head units in total, the image data 41K is image
data divided into six in a width direction (nozzle arrangement
direction of the recording head) of the recording medium. As
to the image forming timing, the head units of the rear row are
delayed as compared with the head units of the front row.
Here, partial image data transferred to a K1 row which is the
front row is generically denoted with 41Ka, and partial image
data transferred to a K2 row which is the rear row is generi-
cally denoted with 41Kb. It is to be noted that in the following
description, for the sake of convenience in the description, the
recording head unit is constituted of two head units disposed
in each of two rows of front

As shown in FIG. 5, the transfer of the partial image data
41Ka to the K1 head unit 31q is started, and partial image
formation (41K1) based on the image data 41Ka is performed
by the K1 head unit 31a with respect to the previously con-
veyed recording medium. After the image formation, the
recording medium is conveyed to the downstream side. After
time t4, the next recording medium reaches the K1 head unit
31a. For this time t4, the partial image data 42Ka of an area
(address) designated by the parameter is read from the plain
memory 34, and starts to be transferred to the K1 data pro-
cessing circuit 37a. Thereafter, the partial image formation
(42K1) on the next recording medium is started by the K1
head unit 31a.

On the other hand, the previous recording medium reaches
the next K2 head unit 315 after a delay time t3 corresponding
to the offset amount [.3. For this time t3, the partial image data
41Kb of the area (address) designated by the parameter is read
from the plain memory 34, and starts to be transferred to the
K2 data processing circuit 375. Moreover, after elapse of t3,
the partial image is formed adjacent to the previous recording
medium image (image formed during the image forming time
shown by 41K1) by the K2 head unit 315 (41K2).

In the constitution of the present embodiment, since the
data controller is disposed for each head unit, the setting of the
parameter into the image data processing circuit, and the
transfer of the image data into the K1, K2 head units 31a, 316
can be independently performed for each head unit. Conse-
quently, unlike the conventional art, any blank white data
does not have to be added to the image data. In the recording
head 14 for forming the image of black K, even when the K2
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head unit 315 on the downstream side from the K1 head unit
31a is forming the image by the partial image data 41Kb, the
transfer, parameter change, and image formation of the next
partial image data 42Ka are possible with respect to the K1
head unit 31a on the upstream side. This eliminates a limita-
tion that the interval between the conveyed recording medi-
ums be larger than the interval between the nozzle rows. The
limitation is caused in a conventional art in which the image
data including the added white data of the same page is
transferred together to a plurality of head units, or all the
parameters are set at the same time.

As described above, according to the image forming appa-
ratus of the second embodiment, the transfer of the image data
to each head unit or the setting of the parameter to the data
processing circuit is performed independently, and the image
is formed for each head unit independently. Consequently, the
interval between the conveyed recording mediums can be
remarkably narrowed, and enhancement of throughput can be
realized.

Next, a third embodiment will be described.

In the first and second embodiments, the head driving
synchronous signal is generated. Based on a timing at which
the recording medium is detected, the image data is trans-
ferred, and the image is formed in accordance with the offset
amount of the recording head or the head unit. On the other
hand, in the present embodiment, this is realized using a
simply constituted delay circuit.

FIG. 6 shows a constitution example of an image forming
apparatus according to a third embodiment.

In the constitution example, a recording head comprises
head units arranged in the same manner as in the second
embodiment. Therefore, in this constitution example, an
image of black K is formed. It is to be noted that in FIG. 6,
constituting portions similar to those of FIG. 4 are denoted
with the same reference numerals.

In this constitution, driving timings for driving K1, K2
head unit driving circuits 32a, 325 are determined by delay
time setting circuits 51a, 516 and delay circuits 52a, 525
disposed in a K data controller 50. At least one set of delay
time setting circuit 51 and delay circuit 52 is disposed for each
head unit or head unit row. That is, one set of delay time
setting circuit 51 and delay circuit 52 may be disposed for
each head unit. When a plurality of head units are arranged in
two rows, the delay time setting circuit 51 and delay circuit 52
may be disposed for each row.

The delay time setting circuit 51 sets a delay time deter-
mined based on a movement speed of a recording medium to
the delay circuit 52 beforehand using a detection signal of a
recording medium by a medium position sensor 10. The
image data is transferred to the head unit, and the image is
formed by the head unit driving circuit by the delay time by
the delay circuit.

As described above, according to the third embodiment,
the image forming timings or parameters can be set indepen-
dently for each head unit in the same manner as in the second
embodiment under simple control, and unlike the conven-
tional art, the blank white data does not have to be particularly
added to the image data. Therefore, it is possible to remark-
ably reduce the interval of the conveyed recording medium,
and enhancement of throughput can be realized. It is to be
noted that when any parameter is not set, and the image
forming timing (image forming position) is simply adjusted,
the delay time setting circuit and delay circuit may be dis-
posed in the respective recording heads instead of the data
controller 3 shown in FIG. 1.

It is to be noted that in the above-described embodiments,
a color image is formed by four colors using four recording
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heads, but the present invention is not limited to the embodi-
ments, and the arrangement order or the number of the heads
may be appropriately changed in accordance with the speci-
fications. Further in each embodiment, the printer using the
ink head has been described as an example for forming the
image on the recording medium, but, needless to say, the
present invention is not limited to this, and the present inven-
tion can be easily applied to an image forming apparatus such
as a copying machine. The recording medium may be any flat
member on whose surface the image can be formed, for
example, paper such as mainly a recording sheet and a resin.
Furthermore, the constituting portions described in the
respective embodiments and modifications may be com-
bined, and several constituting portions may be deleted or
carried out if necessary.

According to the present invention, the image data is inde-
pendently transferred to each recording head, or the param-
eters are independently set in the data processing circuit.
Accordingly, it is possible to remarkably narrow the interval
between the conveyed recording mediums without being
influenced by the distance between the recording heads, only
in consideration of a time required for transferring the data or
setting the parameters.

Next, an image forming apparatus will be described
according to a fourth embodiment of the present invention.

In the present embodiment, an image forming apparatus
shown in FIG. 7, of an ink jet system, comprises at least four
sets of recording heads 1 (1a to 1d), and forms a color image
using four different colors of ink [e.g., black (K), cyan (C),
magenta (M), and yellow (Y)]. In this constitution, constitut-
ing portions similar to those shown in FIG. 1 described above
are denoted with the same reference numerals, and detailed
description thereof is omitted.

In the present embodiment, the recording heads la to 1d
have a constitution comprising nozzle rows (not shown) in
which a plurality of nozzles are arranged in one row with a
length exceeding a transverse width of the recording medium.
These recording head 1 and a recording head driving circuit 2
(2a to 2d) are driven/controlled by a data controller 3 (3a to
3d). The recording head driving circuit 2 generates a driving
voltage indicated by a driving characteristic control unit 17
(17a to 17d) having a function of controlling a driving char-
acteristic of the recording head based on the detected tem-
perature of the recording head. The driving characteristic
control unit 17 includes at least a voltage control unit. The
driving characteristic of the recording head 1 is controlled by
the control of the driving characteristic control unit 17. Itis to
be noted that here the driving characteristic indicates an ink
spout amount spouted from the nozzle row (storage element
row) disposed, for example, in each of the recording heads 1a
to 1d. When the driving voltage applied to each recording
head is changed, density, hue and the like of the image can be
controlled.

Moreover, a temperature detection unit 13 (13a to 134) for
detecting the temperature of an ink spout unit in which nozzle
rows are disposed is disposed. These temperature detection
units 13 measure the temperature of the ink spout unit of the
recording head 2, and output a detected temperature detection
signal to the driving characteristic control unit 17. Based on
this temperature detection signal, the driving characteristic
control unit 17 outputs a voltage control signal for adjusting
the ink spout amount to the recording head driving circuit 2 in
such a manner that the image density is homogenized or
adjusted to be appropriate. The recording head driving circuit
2 applies a driving voltage (voltage value) in accordance with
the voltage control signal, and changes the driving character-
istic of the recording head 1. It is to be noted that an applica-
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tion time of the driving voltage may be changed in addition to
the voltage value of the driving voltage.

In the present embodiment, at least one data controller 3 is
disposed for each recording head 1. That is, in a constitution
comprising four sets of recording heads 1a to 14, at least four
data controllers 3a to 3d are disposed, image data can be
transferred for each recording head 1, and the image forming
timing or parameter can be set for each recording head.

As shown in FIG. 8, these data controllers 3a to 3d com-
prise a plain memory 4, a parameter memory 5, a head driving
synchronous signal generation circuit 6, and a data processing
circuit 7. Even in this constitution, constituting portions simi-
lar to those shown in FIG. 2 are denoted he thermistor. Fur-
thermore, a sensor for detecting the spout of the recording
medium on which the image has been formed may be dis-
posed.

Next, image formation in the fourth embodiment will be
described with reference to a timing chart of the image for-
mation shown in FIG. 9.

FIG. 9 shows timings to form the respective image data
transferred to four sets of recording heads into images with
respect to four continuously conveyed recording mediums,
and an image forming time (abscissa indicates time). Here,
the image data of ink of black K are denoted with 21K, 22K,
23K, 24K, and time required for the image formation of these
data is denoted with 21K1, 22K2, 23K3, 24K4. The image
data ofcyan C are denoted with 21C, 22C, 23C, 24C, and time
required for the image formation is denoted with 21C1, 22C2,
23C3, 24C4. The image data of magenta M are denoted with
21M, 22M, 23M, 24M, and time required for the image for-
mation is denoted with 21M1, 22M2, 23M3, 24M4. Further-
more, the image data of yellow Y are denoted with 21Y, 22Y,
23Y, 24Y, and time required for the image formation is
denoted with 21Y1, 22Y2, 23Y3, 24Y4.

Moreover, time t5 in FIG. 9 is time obtained by dividing an
offset amount (distance between the recording heads)
between the recording heads by a conveying speed of the
recording medium, and time t6 is time obtained by dividing an
interval (or an interval between image regions of a page unit)
between the conveyed recording mediums by the conveying
speed of the recording medium. It is to be noted that the
conveying speed of the recording medium is constant. There-
fore, lengths of the time t5 and t6 relatively indicate distances.

Itis to be noted that this example shows a state in which the
offset amount (or time t5) between the recording heads is
larger (longer) than a recording medium interval (or time t6).
Here, the offset amount is defined by a physical size by
members constituting the recording head or peripheral mem-
bers, and a recording medium interval is defined by a pro-
cessing time of data transfer or the like. Therefore, the smaller
(shorter) amount or interval is better regardless of a size
relation. Assuming that the conveying speed of the recording
medium is constant, the shorter the time t5 is, the shorter the
image forming time required for one recording medium
becomes. The shorter the time t6 is, that is, the smaller the
recording medium interval is, the more a throughput can be
enhanced.

Next, an image forming operation will be described. Itis to
be noted that description of an image forming operation simi-
lar to that of the first embodiment is simplified.

First, as initial setting, a plurality of color image data are
stored in the plain memory 4 from the host computer 12 via
the USB controller 8. The parameters required for forming
the image are stored in the respective parameter memories 5.
It is to be noted that the parameter setting may be stored after
detecting the recording medium by the medium position sen-
sor 10 (see FIG. 8).
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Moreover, different parameters (image forming informa-
tion) may be set to each recording medium in such a manner
that image data of different recording mediums may be
formed simultaneously by the respective recording heads 1a
to 1d.

Moreover, different parameters (image forming informa-
tion) can be set for each recording medium in such a manner
that the image data of the different recording mediums can be
simultaneously formed in the respective recording heads 1a
to 1d.

Next, when the medium position sensor 10 detects the first
conveyed recording medium, the image data to be formed on
the recording medium is read from a plurality of image data
recorded in the plain memory 4, and transferred to the data
processing circuit 7.

In this case, the image data of an area (address) designated
by the parameter is read from the plain memory 4 in synchro-
nization with a head driving synchronous signal of the record-
ing head (here, the recording head 1a) of a most upstream of
the medium conveying direction. It is to be noted that the
image data read at this time may be the whole image data
corresponding to one recording medium, or a part of the data.

Next, when the head driving synchronous signal genera-
tion circuit 6 receives a recording medium presence signal
from the medium position sensor 10, delay (here, time t5)
corresponding to the offset amount is generated inaccordance
with the designated parameter, and head driving synchronous
signals corresponding to the respective recording heads 1a to
1d are generated. These delay amounts are determined by
counting encoder signals generated by the encoder 11 and
synchronized with the medium conveying speed.

The recording head driving circuits 2a to 2d refer to the
head driving synchronous signal, and drive the recording
heads 1a to 14 in synchronization with the encoder signal
synchronized with the conveying of the recording medium.

Therefore, as to the head driving synchronous signal gen-
erated by the head driving synchronous signal generation
circuit 6, the offset amount among the recording heads 1a to
1d, that is, the time t5 is delayed and asserted from the
medium presence signal, and negated by the ending of the
image formation.

Moreover, the head driving synchronous signal generation
circuit 6 calculates a medium gap between the preceding
conveyed recording medium and the following conveyed
recording medium from a detection result of the medium
position sensor 10, and selects the recording head in which a
recording region of a recording element row, that is, a nozzle
row faces the medium gap from the recording heads 1a to 1d.
An instruction signal (timing) indicating that the driving volt-
age of the recording head is changeable is output to the
driving characteristic control unit 17.

Concretely, the first K image data 21K is transferred to the
recording head 1a, and the image is formed on the recording
medium at a time denoted with 21K1 based on the image data
21K as shown in FIG. 9. Thereafter, the recording medium is
moved to the downstream side, and the next image data 22K
starts to be transferred to the recording head 14 in the interval
to the next recording medium, that is, for the time t6. At this
time, the parameter is changed, if necessary. Thereafter,
image formation 22K1 is performed with respect to the sub-
sequently conveyed recording medium.

Moreover, the image data 21C starts to be transferred to the
recording head 15 disposed on the downstream side of the
medium conveying direction within the time t5 correspond-
ing to the offset amount, and the image is formed on the image
21K1 already formed on the previous recording medium in a
time denoted with 21C1 based on the image data 21C. Sub-
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sequently, in the recording heads 1c, 1d, the transfer and
image formation of the image data M, Y are performed after
time t5 corresponding to the offset amount.

As described above, according to the present embodiment,
since the data controller 3 is disposed for each recording head
1, the setting of the parameter into the image data processing
circuit, and the transfer of the image data into the recording
heads 1a to 1d can be independently performed for each
recording head. Therefore, even when the recording head 15
onthe downstream side from the recording head 1a is forming
the image by the image data C (e.g., 21C) as described above,
the transfer and parameter change of the image data K (e.g.,
22K) of the next page are possible with respect to the record-
ing head 1a on the upstream side, and further the driving
voltage can be changed. This eliminates a limitation on a
timing to adjust the voltage accompanying the temperature
change of the recording head during the image formation. The
limitation is caused by a conventional art in which the data is
transferred together to the recording head, or all the param-
eters are set at the same time.

As described above, even when the recording head by the
ink jet system is driven with the same driving characteristic,
that is, an equal driving voltage, the temperature of the record-
ing head changes, and the spout amount of the ink changes, if
the driving time lengthens. Therefore, the density of the
image changes. In the present embodiment, as shown in FIG.
7, while the apparatus is operated, the temperature of the
recording head 1 is constantly detected, that is, monitored by
the temperature detection unit 13 disposed in each recording
head 1.

For example, the driving characteristic control unit 17 is
provided with a comparison circuit therein, and compares the
temperature detection signal detected by the temperature
detection unit 13 with a preset reference value. By this refer-
ence value, the ink spout amount is adjusted in such a manner
that an image having an appropriate density is formed by the
recording head. That is, when the temperature detection sig-
nal exceeds the reference value, it is assumed that the tem-
perature of the recording head rises. The voltage control
signal is generated based on a degree exceeding the reference
value, and output to the recording head driving circuit 2. In
response to the voltage control signal, the recording head
driving circuit 2 lowers the driving voltage, applies the volt-
age to the recording head 1, and decreases the ink amount
spouted from the ink spout unit.

As described above, in each recording head, the driving
characteristic, that is, the ink spout amount by the control of
the driving voltage can be adjusted at a preferable timing
based on the detected head temperature. This timing is set
within a time from when the image formation on one record-
ing medium in each recording head 1 ends until the next
recording medium reaches the recording head, or within a
time from when the image data for one page is formed until
the image data of the next page is formed. Concretely, the
timing is set within a time t6 shown in FIG. 9.

Therefore, when each recording head 1 is monitored during
the driving, and the head temperature rises, the driving volt-
age is lowered at a preferable timing in accordance with an
image forming state of each recording head. Accordingly, the
amount of spouted ink is decreased, and the change of the
density of the formed image is eliminated. On the other hand,
when the head temperature drops, the driving voltage is
raised, accordingly the spouted ink amount is increased, and
the change of the density of the formed image can be reduced.

Therefore, in a case where the ink spout amount is changed
in accordance with the temperature change of the recording
head 1, even when another recording head is forming the
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image, the recording head is not influenced during the image
formation. According to the present embodiment, even when
the same image is formed on a large number of sheets, a
high-quality image can be formed without any difference of
the color density between the recording mediums.

A first modification in the temperature detection unit 13
and the driving characteristic controlunit 17 will be described
with reference to FIG. 10.

In a first modification, the temperature detection unit 13 is
constituted of a temperature sensor for detecting the tempera-
ture of the ink spout unit of the recording head 1 as described
above. The driving characteristic control unit 17 has a driving
voltage parameter table 15 in which the temperature of the
recording head 1 is associated with the driving voltage with
respect to the spouted ink amount beforechand instead of the
comparison circuit.

The driving voltage parameter table 15 is referred to for a
temperature detection signal detected by the temperature
detection unit 13, and a driving voltage parameter is taken out
and output to the recording head driving circuit 2. It is to be
noted that the driving voltage parameter table 15 is capable of
storing a plurality of data in such a manner that the driving
voltage can be referred to from a level of spout amount by
fluctuations in producing recording heads, ink characteristic,
recording medium characteristic and the like. Accordingly,
the table can be changed.

The recording head driving circuit 2 generates a corrected
driving voltage obtained by multiplying the driving voltage
applied to a nozzle of the recording head 1 by the driving
voltage parameter, and the nozzle is driven with the corrected
driving voltage. A timing for generating the corrected driving
voltage to adjust the recording head 1 is set within a time from
when the image formation on the preceding recording
medium ends until the next recording medium reaches the
recording head, or within a time from when the image is
formed by the preceding image data before the image is
formed by the next image data in the same manner as in the
first embodiment. Concretely, the timing is set within a time
t6 shown in FIG. 9. At this time t6, a predetermined gap
between the recording mediums, so-called a medium gap
faces a nozzle row (recording element row) of the recording
head 1. According to the modification, the comparison circuit
is not required in the recording head driving circuit, and the
constitution is simplified as compared with the first embodi-
ment.

A second modification in the temperature detection unit 13
and the driving characteristic controlunit 17 will be described
with reference to FIG. 11.

In the second modification, the driving characteristic con-
trol unit 17 comprises: a driving voltage parameter table 15
provided beforehand with a relation table of the temperature
of' the recording head with respect to the spouted ink amount;
and an ink spout times calculation unit 16 for counting ink
spout times in each nozzle from the recording head driving
circuit 2.

This ink spout times calculation unit 16 indicates use fre-
quency or use state of the recording head in accordance with
ink spout times per unit time as standards of a temperature rise
of the recording head 1. The temperature change of the
recording head 1 can be predicted by the use frequency. When
the use frequency is associated with the driving voltage with
respect to the spouted ink amount beforehand in accordance
with the temperature detection signal, a signal can be used as
a detection signal having good response in an auxiliary man-
ner.

Next, a fifth embodiment of the present invention will be
described.
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The fourth embodiment relates to a constitution example in
which one nozzle row of a recording head is disposed,
whereas the present embodiment relates to an example of a
recording head comprising a plurality of head units arranged
in two rows at a nozzle row interval L3 alternately in a
medium conveying direction as shown in FIG. 16. These
recording heads are, for example, of an ink jet system, com-
prise at least four sets of recording heads, and form a color
image using four different colors of ink [e.g., black (K), cyan
(C), magenta (M), and yellow (Y)]. Here, a constitution
example of the recording head 1a shown in FIG. 7 will be
described, this also applies to the other recording heads 15 to
1d, and therefore the description is omitted.

Moreover, the recording head 1a comprises n head units
K1 to Kn, and one image is prepared by divided images
formed by the respective head units. Here, a K1 head unit and
a K2 head unit having the nozzle row interval [.3 will be
described as typical examples. [t is to be noted that in FIG. 12,
constituting portions similar to those of FIG. 4 are denoted
with the same reference numerals. That is, in this constitution,
K1, K2 head units 314, 315, K1, K2 head unit driving circuits
32a, 325, and K data controller 33 are similar to constituting
members shown in FIG. 4, and the description thereof is
omitted. In the present embodiment, at least one K data con-
troller 33 is disposed for each head unit. That is, at least four
data controllers are disposed in a recording head comprising
four sets of head units. By this constitution, it is possible to set
recording timings or parameters for the respective head units
of each recording head as described later. In the present
embodiment, head units 31a, 315 are provided with a tem-
perature detection unit 38 (384, 38b) for detecting a tempera-
ture of an ink spout unit in which a nozzle row for discharging
ink is disposed. These temperature detection units 38 output
temperature detection signals indicating detection of tem-
peratures of ink spout units of the head units 31a, 316 to a
driving characteristic control unit 39 (39a, 395). The driving
characteristic control unit 39 includes at least a voltage con-
trol unit. The driving characteristic control unit 39 output
voltage control signals for adjusting ink spout amounts to
achieve a uniform or appropriate image density to head unit
driving circuits 32a, 325 based on the temperature detection
signals. The head unit driving circuits 32a, 325 apply driving
voltages in accordance with the voltage control signals, and
driving characteristics of the head units 31a, 315 are changed.

Moreover, the temperature detection units 38 comprise
temperature sensors such as thermistors or infrared tempera-
ture sensors in the same manner as in the fourth embodiment.
The temperature detection units 38 may be constituted to
include a driving voltage parameter table 15 or an ink spout
times calculation unit 16 in the same manner as in first and
second modifications. Furthermore, the K data controller 33
is provided with a USB controller 8, a CPU 9, a medium
position sensor 10, and an encoder 11 described above.

The parameters are information on image formation, and
concretely comprise start end and terminal end information of
the image data, address indicating a formed image data
region, address (nozzle number) of the nozzle of the head unit
to be driven, timing correction information for driving each
nozzle and the like. The parameters of the image forming
information may include correction parameters for correcting
fluctuations in manufacturing the recording heads.

The image formation in the fifth embodiment will be
described with reference to timing charts of the image forma-
tion shown in FIGS. 12, 16, and 13.

FIG. 13 shows image forming timings of image data of
black K with respect to four continuously conveyed recording
mediums, and an image forming time. It is to be noted that
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here image data transferred to the K1 head unit 31a are
denoted with 41Ka, 42Ka, 43Ka, 44Ka, and image data trans-
ferred to the K2 head unit 315 are denoted with 41Kb, 42Kb,
43Kb, 44Kb. In this case, time required for the image forma-
tion by the K1 head unit 31a is denoted with 41K1, 42K1,
43K1, 44K1, and time required for the image formation by the
K2 head unit 315 is denoted with 41K 2, 42K2, 43K2, 44K2.

Moreover, atime t7 in FIG. 13 is time obtained by dividing
an offset amount [.3 (distance between nozzle rows) between
the nozzle rows by a conveying speed of the recording
medium as shown in FIG. 16. A time t8 is time obtained by
dividing an interval (or an interval between a rear end of a
previously conveyed recording medium and a tip of a subse-
quently conveyed recording medium) [.8 between two con-
veyed mediums by the conveying speed of the recording
medium. Here, it is assumed that the conveying speed of the
recording medium is constant. Therefore, lengths of the time
t7 and t8 relatively indicate distances. It is to be noted that this
example shows a state in which a recording medium interval
(or the time t8) is smaller (shorter) than the interval (or the
time t7) between the nozzle rows, and the image formation is
started from the tip of the recording medium.

First, K image data constituting a part of a plurality of color
image data for forming an image on a plurality of recording
mediums is stored into the plain memory 34 from the host
computer 12 via the USB controller 8. Moreover, parameters
necessary for forming the image on a first recording medium
41 by the K1, K2 head units 31a, 3156 are stored in the
respective parameter memories 35a, 356 from the CPU 9. Itis
to be noted that parameter settings into the K1, K2 parameter
memories 35a, 356 may be stored after receiving a detection
signal of the recording medium by the medium position sen-
sor 10.

Moreover, in the respective K1, K2 head units 31a, 315,
different parameters may be set for each recording medium in
such a manner that the image data can be simultaneously
formed on different recording mediums. Accordingly, in a
case where the image forming information (parameters) dif-
fers with the recording medium, the changing is possible.

Next, when the medium position sensor 10 detects a first
recording medium conveyed by a conveying mechanism, the
image data 41K is read from a plurality of image data stored
in the plain memory 34, and transferred to the K1 data pro-
cessing circuit 37a. In this case, the image data of an area
(address) designated by the parameter is read from the plain
memory 34 in synchronization with the head driving synchro-
nous signal with respect to the K1 head unit 31a.

Next, on receiving a recording medium presence signal
from the medium position sensor 10, the K1 head driving
synchronous signal generation circuit 36a generates a K1
head driving synchronous signal in accordance with the des-
ignated parameter, and the timing of the recording medium
presence signal. Since the K1 head unit 31a is disposed in a
most upstream side, delaying by an offset .3 does not have to
be performed.

Moreover, on receiving the recording medium presence
signal from the medium position sensor 10, the K2 head
driving synchronous signal generation circuit 365 generates a
K2 head driving synchronous signal obtained by applying an
offset amount L3, that is, a delay time (here, time t3) corre-
sponding to the interval between the head units to the timing
of the recording medium presence signal in accordance with
the designated parameter. It is to be noted that after receiving
the medium presence signal, the head driving synchronous
signal is generated, and invalidated by the ending of an image
forming process with respect to the recording medium.
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This will be described in accordance with a concrete
example. For example, as shown in FIG. 16, in a case where
the image data 41K is formed into an image by two rows of
head units, six head units in total, the image data 41K is image
data divided into six in a width direction (nozzle arrangement
direction of the recording head) of the recording medium. As
to the image forming timing, the head units of the rear row are
delayed as compared with the head units of the front row.
Here, partial image data transferred to a K1 row which is the
front row is generically denoted with 41Ka, and partial image
data transferred to a K2 row which is the rear row is generi-
cally denoted with 41Kb. It is to be noted that in the following
description, for the sake of convenience in the description, the
recording head unit is constituted of two head units disposed
in each of two rows of front and rear rows.

As shown in FIG. 13, the transfer of the partial image data
41Ka to the K1 head unit 31q is started, and partial image
formation (41K1) based on the image data 41Ka is performed
by the K1 head unit 31a with respect to the previously con-
veyed recording medium. After the image formation, the
recording medium is conveyed to the downstream side. After
time t4, the next recording medium reaches the K1 head unit
31a. For this time t4, the partial image data 42Ka of an area
(address) designated by the parameter is read from the plain
memory 34, and starts to be transferred to the K1 data pro-
cessing circuit 37a. Thereafter, the partial image formation
(42K1) on the next recording medium is started by the K1
head unit 31a.

On the other hand, the previous recording medium reaches
the next K2 head unit 315 after a delay time t3 corresponding
to the offset amount 3. For this time t3, the partial image data
41Kb of the area (address) designated by the parameter is read
from the plain memory 34, and starts to be transferred to the
K2 data processing circuit 375. Moreover, after elapse of t3,
the partial image is formed adjacent to the previous recording
medium image (image formed during the image forming time
shown by 41K1) by the K2 head unit 315 (41K2).

In the constitution of the present embodiment, since the
data controller is disposed for each head unit, the setting of the
parameter into the image data processing circuit, and the
transfer of the image data into the K1, K2 head units 31a, 315
can be independently performed for each head unit. Conse-
quently, unlike the conventional art, any blank white data
does not have to be added to the image data. In the recording
head 1a for forming the image of black K, even when the K2
head unit 315 on the downstream side from the K1 head unit
31a is forming the image by the partial image data 41Kb, the
transfer, parameter change, and image formation of the next
partial image data 42Ka are possible with respect to the K1
head unit 31a on the upstream side. This eliminates a limita-
tion that the interval between the conveyed recording medi-
ums be larger than the interval between the nozzle rows. The
limitation is caused in a conventional art in which the image
data including the added white data of the same page is
transferred together to a plurality of head units, or all the
parameters are set at the same time.

Moreover, a limitation on the adjustment timing with
respect to the temperature change of the recording head dur-
ing the image formation, caused by a conventional art in
which data transfer or parameter setting is performed to the
head unit all at once, is eliminated.

As described above, according to the fifth embodiment,
while the apparatus is operated, temperatures of the head
units 31a, 315 are constantly detected, that is, monitored by
the temperature detection units 38 disposed in the K1, K2
head units 31a, 315 in the same manner as in the fourth
embodiment.
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Furthermore, even in the driving characteristic control unit
39, the temperature detection signal detected by the tempera-
ture detection unit 38 is compared with a preset reference
value, and the voltage control signal for forming an image
having an appropriate density is generated, and output to the
head unit driving circuits 32a, 325.

The head unit driving circuits 32a, 325 generate driving
voltages in which the voltage control signals are reflected, and
apply the voltages to the head units 31a, 315 at preferable
timings. In the respective head units 31a, 315, ink spout
amounts are adjusted in accordance with applied driving volt-
ages. In the head units 314, 314, this preferable timing is set
within a time from when the image formation on one record-
ing medium ends until the next recording medium reaches the
head units 314, 315, or within a time from when the image of
the preceding formed image data is formed before the image
of the next formed image data is formed. Concretely, the
timing is set within a time t6 shown in FIG. 9.

Therefore, in a case where the ink spout amount is changed
in accordance with the temperature change of the head unit
31a on the upstream side, even when the head unit 315 on the
downstream side is forming the image, the head unit 315 is
not influenced. According to the present embodiment, even
when the same image is formed on a large number of sheets,
a high-quality image can be formed without any difference of
the color density between the recording mediums.

It is to be noted that in the above-described embodiments,
a color image is formed by four colors using four recording
heads, but the present invention is not limited to the embodi-
ments, and the arrangement order or the number of the heads
may be appropriately changed in accordance with the speci-
fications. Further in each embodiment, the printer using the
ink head has been described as an example for forming the
image on the recording medium, but, needless to say, the
present invention is not limited to this, and the present inven-
tion can be easily applied to an image forming apparatus such
as a copying machine. The recording medium may be any flat
member on whose surface the image can be formed, for
example, paper such as mainly a recording sheet and a resin.
Furthermore, the constituting portions described in the
respective embodiments and modifications may be com-
bined, and several constituting portions may be deleted or
carried out if necessary.

In the image forming apparatus of the present invention,
the transferring of the image data or the setting of the param-
eters of the data processing circuit is performed indepen-
dently for each recording head or head unit. Therefore, even
when there is the recording head or head unit that is forming
the image, the image data is rewritten or the parameter is set
in another recording head or head unit. Accordingly, an inter-
val between the preceding recording medium and the next
conveyed recording medium can be set to be short regardless
of'the interval between the recording heads or the nozzle rows
in the medium conveying direction. An image forming effi-
ciency can be enhanced to thereby raise throughput. In the
image forming apparatus of the present invention, the data
controller is disposed for each recording head driving circuit,
and independently driven/controlled. The parameters are
rewritten, or driving characteristics of the recording head,
such as a driving voltage, are changed at the preferable tim-
ing. Moreover, the driving voltage of the recording head,
output by the recording head driving circuit, is independently
changed to thereby control the ink spout amount based on the
temperature detection signal of the recording head detected
by the temperature detection unit disposed in each recording
head. Therefore, the change of the density of the formed
image can be reduced. Consequently, the image forming effi-
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ciency can be enhanced to thereby raise throughput, and
high-quality image formation can be realized.

What is claimed is:

1. An image forming apparatus comprising:

a plurality of recording heads having recording element
rows arranged so as to extend in a direction crossing a
conveying direction of a recording medium at right
angles, wherein a plurality of head units each having a
nozzle row whose recording width is smaller than a
width of the recording medium are spaced apart from
each other in at least two rows and arranged alternately
with no gap disposed therebetween as seen from the
conveying direction to form a recording element row for
eachrecording head, and wherein the plurality of record-
ing heads are arranged at an interval along the conveying
direction by the recording element rows;

a plurality of data control units which respectively divide
image data into partial image data for recording ranges
by the nozzle rows of the plurality of head units, which
respectively generate image data corresponding to the
recording element rows, and which respectively set
transfer timings of the image data, image formation tim-
ings, and parameters for driving the plurality of record-
ing heads;

a plurality of recording head driving units which respec-
tively drive the plurality of recording heads at the set
formation timings;

a medium position detection unit which detects position
information of the conveyed recording medium; and

a plurality of driving characteristic control units which
respectively control characteristics of image densities to
be recorded under control of the drive of the plurality of
recording heads,

wherein each of the plurality of data control units is con-
figured to calculate a medium gap .2 between a preced-
ing conveyed recording medium and a succeeding con-
veyed recording medium based on a detection result of
the medium position detection unit,

wherein an image is recorded on the recording medium
such that the medium gap [.2, and an interval .1 between
the recording element row of a first recording head ofthe
plurality of recording heads and the recording element
row of a last recording head of the plurality of recording
heads have a relationship L1>1.2 or L1=[2, and

wherein a recording head in which a recording region of the
recording element row is opposite to the medium gap [.2
is selected from the plurality of recording heads, and
characteristics of image densities to be recorded are
varied by a corresponding one of the plurality of driving
characteristic control units while the recording region of
the recording element row of the selected recording head
is opposite to the medium gap [.2.

2. The image forming apparatus according to claim 1,
wherein each driving characteristic control unit comprises a
voltage control section which changes a driving voltage of the
corresponding recording head, and

wherein the voltage control section changes a driving time
for which a predetermined driving voltage is applied to
the corresponding recording head to change the image
density characteristic of the corresponding recording
head.

3. The image forming apparatus according to claim 1,

wherein each data control unit comprises:

an image data storage section capable of storing image data
for a plurality of pages;
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a parameter storage section which stores various param-
eters in reading the image data for a page unit at a time
when an image of the page unit is formed by the corre-
sponding recording head;

ahead driving synchronous signal generation circuit which
generates a head driving synchronous signal based on
the detection result from the medium position detection
unit; and

a data processing section which takes in predetermined
image data in accordance with a predetermined param-
eter at a timing in accordance with the head driving
synchronous signal to process the image; and

wherein each data control unit is configured to change the
density characteristic of the image to be recorded by the
corresponding recording head when the gap [.2 reaches
the recording region of the corresponding recording
head, and record the image with the changed density
characteristic, when the succeeding recording medium
reaches the recording region of the corresponding
recording head.

4. The image forming apparatus according to claim 1,
wherein each driving characteristic control unit comprises a
voltage control section which generates a voltage control
signal based on a corresponding temperature detection signal
and outputs the voltage control signal to the corresponding
recording head driving unit so as to apply a controlled driving
voltage to the corresponding recording head from the corre-
sponding recording head driving unit and to control the
recording element row such that a desired image density is
obtained, and

wherein each voltage control section is configured to
change the driving voltage output by the corresponding
recording head driving unit while the recording region of
the recording element row of the corresponding record-
ing head is opposite to the medium gap [.2 such that an
image density of the formed image is appropriate.

5. An image forming apparatus comprising:

a plurality of recording heads having recording element
rows arranged so as to extend in a direction crossing a
conveying direction of a recording medium at right
angles, wherein each recording element row is formed
by a plurality of head units each of which has a nozzle
row whose recording width is smaller than a width of the
recording medium, and which are spaced apart from
each other in at least two rows and arranged alternately
with no gap disposed therebetween as seen from the
conveying direction, and wherein the recording element
rows are arranged at an interval along the conveying
direction;

a plurality of data control units which respectively divide
image data into partial image data for recording ranges
by the nozzle rows of the plurality of head units, which
respectively generate image data corresponding to the
recording element rows, and which respectively set
transfer timings of the image data, image formation tim-
ings, and parameters for driving the plurality of record-
ing heads;

a plurality of recording head driving units which respec-
tively drive the plurality of recording heads at the set
formation timings;

a medium position detection unit which detects position
information of the conveyed recording medium;

a plurality of thermistors which respectively detect tem-
peratures of ink injection units of the plurality of record-
ing heads;
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a plurality of ink spout times calculation units which
respectively count ink spout times for the plurality of
recording heads;

a plurality of temperature detection units which respec-
tively predict temperatures of ink for the plurality of
recording heads based on temperature data detected by
the plurality of thermistors and spout times data counted
by the plurality of ink spout times calculation units; and

a plurality of driving characteristic control units which
respectively control characteristics of image densities to
be recorded under control of the drive of the plurality of
recording heads,

wherein the plurality of data control units are configured to
respectively calculate corresponding time intervals
between a preceding conveyed recording medium and a
succeeding conveyed recording medium based on a
detection result of the medium position detection unit,
and

wherein for each of the plurality of recording heads, based
on a prediction result of the corresponding temperature
detection unit for recording on the succeeding conveyed
recording medium, the characteristic of the image den-
sity is rewritable by the corresponding driving charac-
teristic control unit within the corresponding calculated
time interval, at a timing immediately after the corre-
sponding image is formed on the preceding conveyed
recording medium by the recording head in the convey-
ing direction.

6. The image forming apparatus according to claim 5,

wherein each data control unit comprises:

an image data storage section capable of storing image data
for a plurality of pages;

a parameter storage section which stores various param-
eters in reading the image data for a page unit at a time
when an image of the page unit is formed by the corre-
sponding recording head;

ahead driving synchronous signal generation circuit which
generates a head driving synchronous signal based on
the detection result from the medium position detection
unit; and

a data processing section which takes in predetermined
image data in accordance with a predetermined param-
eter at a timing in accordance with the head driving
synchronous signal to process the image; and

wherein each data control unit is configured to:

(1) calculate a gap L2 between the preceding recording
medium and the succeeding recording medium based on an
output result from the medium position detection unit, (ii)
record the image on the recording medium with a relationship
between the gap 1.2 and an interval [.1 between a recording
element row of an initial recording head and a recording
element row of a last recording head among the plurality of
recording heads being L.1>1.2 or L1=[2, (iii) change the
density characteristic of the image to be recorded by the
corresponding recording head when the gap 1.2 reaches a
recording region of the corresponding recording head, and
(iv) record the image with the changed density characteristic,
when the succeeding recording medium reaches the record-
ing region of the corresponding recording head.

7. The image forming apparatus according to claim 5,
wherein each driving characteristic control unit comprises a
voltage control section which generates a voltage control
signal based on the prediction result of the corresponding
temperature detection unit and outputs the voltage control
signal to a corresponding recording head driving unit so as to
apply a controlled driving voltage to the corresponding
recording head from the corresponding recording head driv-



US 8,488,184 B2

25

ing unit and to control the recording element row such that a
desired image density is obtained, and
wherein each data control unit calculates a timing at which
a gap L2 between the preceding recording medium and
the succeeding recording medium faces the correspond-
ing recording element row, and wherein each voltage
control section is configured to change the driving volt-
age output by the corresponding recording head driving
unit based on the calculated timing such that an image
density of the formed image is appropriate.
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